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(54) Disk array device 

(57) A disk array device comprises: a hard disk drive 
module (200) including a disk for recording information 
thereon and having one side that has a length substan- 
tially equal to the diameter of the disk; a battery module 
(500); an operation module (400); a fan module having 
at least one cooling fan; a controller module having a 
controller; a power supply module provided for supply- 
ing power to the modules; a circuit board to which the 
above-mentioned modules are connected via electrical 
connectors; and a substantially box-shaped chassis 
(100) in which the modules and the circuit board are 
housed. A front surface and a rear surface of the chassis 
are opened in a rectangular shape. A length of one side 
of the opened front surface of the chassis is substantially 
the same length as the one side of the hard disk drive 
module. 
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Description 

Cross-Reference to Related Applications 

[0001] The present application claims priority upon 5 
Japanese Patent Application No. 2002-174947 filed 
June 14, 2002, which is herein incorporated by refer- 
ence. 

Background of the Invention io 

Field of the Invention 

[0002] The present invention relates to a disk array 
device. 15 

Description of the Related Art 

[0003] A disk array device for use as an external stor- 
age device in a computer system generally comprises 20 
hard disk drives, a controller, a power supply, a battery, 
an enclosure, and a fan. These components are placed 
within a single housing, in the event of a power failure, 
the battery supplies power so that cached data is written 
on a hard disk drive to automatically initiate and com- 25 
plete a planned shutdown for the purpose of avoiding 
the loss of cached customer data. When a disk array 
unit is added, the enclosure controls relaying and/or 
connection in relation to the added unit. In order to pre- 
vent the housing internal temperature from rising, the 30 
fan takes in air from the outside of the housing to forcibly 
replace internal air with external air. 
[0004] It is highly requested that such a disk array de- 
vice be downsized. However, the size of the disk array 
device generally increases with an increase in its stor- 35 
age capacity. This is because, since the use of a larger 
number of hard disk drives and a higher-performance 
controller is required to provide a large storage capacity, 
a large-size power supply and a cooling device have to 
be provided. To provide adequate cooling performance, 40 
it is also necessary to considerthe device's internal ven- 
tilation. When a plurality of disk array devices of a great- 
er size is added for use, the required installation area 
increases accordingly. 

[0005] Under these circumstances, various tech- <*5 
niques have been proposed with a view toward decreas- 
ing the size without sacrificing the cooling performance. 
For example, the technique disclosed by Japanese Pat- 
ent Application Laid-open Publication No. JP- 
2001-338486-A separates a cooling air flow path into so 
two. One path is used for the flow of cooling air provided 
by a fan that is attached to a power supply module, 
which is mounted in the upper part of a disk array device. 
The other path is used forthe flow of cooling airprovided 
by a cooling fan module, which is mounted on a lateral 55 
surface of the lower part of the disk array device. Fur- 
ther, a heating element and a power supply module with 
a cooling fan are positioned after the air flow paths. This 



decreases the front-to-rear dimension of the disk array 
device without sacrificing the cooling performance. 
[0006] However, the technique disclosed by Japa- 
nese Patent Application Laid-open Publication No. JP- 
2001 -338486-A cannot reduce the height of the disk ar- 
ray device when the cooling air flow path is separated 
into the path for the cooling air provided by the power 
supply module in the upper part of the device and the 
path for the cooling air provided by the cooling fan mod- 
ule in the lower part of the device. Further, if the fan mod- 
ule in the lower part of the device becomes faulty, the 
device's lower part cooling efficiency decreases. Fur- 
thermore, a cooling fan is provided in both the upper and 
lower parts of the device. As a result, a large number of 
cooling fans are used forthe whole disk array device. 

Summary of the Invention 

[0007] The present invention provides a disk array de- 
vice comprising: a circuit board having electrical con- 
nectors; a hard disk drive module connected to the cir- 
cuit board via at least one of the electrical connectors, 
including a disk for recording information thereon, and 
having one side that has a length substantially equal to 
the diameter of the disk; a battery module connected to 
the circuit board via at least one of the electrical con- 
nectors; an operation module connected to the circuit 
board via at least one of the electrical connectors; a fan 
module connected to the circuit board via at least one 
of the electrical connectors and having at least one cool- 
ing fan; a controller module connected to the circuit 
board via at least one of the electrical connectors and 
having a controller; a power supply module connected 
to the circuit board via at least one of the electrical con- 
nectors and provided for supplying power to the mod- 
ules; and a substantially box-shaped chassis in which 
said modules and said circuit board are housed, a front 
surface and a rear surface of which being opened in a 
rectangular shape; wherein a length of one side of the 
opened front surface of the chassis is substantially the 
same length as the one side of the hard disk drive mod- 
ule. 

[0008] Objects of the present invention and solutions 
provided by the present invention will be apparent from 
the following description of the embodiments of the in- 
vention and the accompanying drawings. 
[0009] According to the present invention, it is possi- 
ble to provide a disk array device that has substantially 
the same height as a hard disk drive module. Further, it 
is also possible to cool the interior of the chassis with 
high efficiency. 

Brief Description of the Drawings 

[0010] Preferred embodiments of the present inven- 
tion will now be described in conjunction with the accom- 
panying drawings, in which: 
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FIG. 1 is an external perspective view of a disk array 
device according to one embodiment taken from the 
front right-hand side; 

FIG. 2 is a projection of a hard disk drive module 
according to the embodiment; 
FIG. 3 is an external perspective view of an opera- 
tion module according to the embodiment taken 
from the front right-hand side; 
FIG. 4 is an external perspective view of a disk array 
device according to the embodiment taken from the 
rear left-hand side; 

FIG. 5 is a schematic cross-sectional view taken 
along line V-V of a disk array device according to 
the embodiment; 

FIG. 6 is a schematic cross-sectional view taken 
along line VI-VI of a disk array device according to 
the embodiment; 

FIG. 7 is a schematic cross-sectional view taken 
along line VII-VII of a disk array device according to 
the embodiment; 

FIG. 8 is an external perspective view of a circuit 
board according to the embodiment taken from the 
rear right-hand side; 

FIG. 9 illustrates how a circuit board provided with 
high-precision positioning means according to the 
embodiment is mounted on a chassis; 
FIG. 10 is a schematic cross-sectional view taken 
along line X-X of a disk array device according to 
the embodiment; 

FIG. 1 1 illustrates how cooling airflows within a disk 
array device according to the embodiment; 
FIG. 12 illustrates how cooling air provided by a sin- 
gle fan flows within a disk array device according to 
the embodiment; and 

FIG. 13 is a projection of a power supply module 
according to one embodiment. 

Description of the Preferred Embodiments 

[001 1 ] Embodiments of the present invention will now 
be described in detail with reference to the accompany- 
ing drawings. 

[0012] A disk array device according to one embodi- 
ment of one aspect of the present invention comprises: 
a circuit board having electrical connectors; a hard disk 
drive module connected to the circuit board via at least 
one of the electrical connectors, including a disk for re- 
cording information thereon, and having one side that 
has a length substantially equal to the diameter of the 
disk; a battery module connected to the circuit board via 
at least one of the electrical connectors; an operation 
module connected to the circuit board via at least one 
of the electrical connectors; a fan module connected to 
the circuit board via at least one of the electrical con- 
nectors and having at least one cooling fan; a controller 
module connected to the circuit board via at least one 
of the electrical connectors and having a controller; a 
power supply module connected to the circuit board via 



at least one of the electrical connectors and provided for 
supplying power to the modules; and a substantially 
box-shaped chassis in which said modules and said cir- 
cuit board are housed, a front surface and a rear surface 
5 of which being opened in a rectangular shape. A length 
of one side of the opened front surface of the chassis is 
substantially the same length as the one side of the hard 
disk drive module. 

[0013] According to such a configuration, it is possible 
w to reduce the disk array device size. Since the installa- 
tion area occupied by the disk array device can be de- 
creased by downsizing of the disk array device, it be- 
comes possible to reduce the computer system running 
cost. 

15 [0014] In another aspect of the disk array device ac- 
cording to the present embodiment, it is possible that: 
the circuit board is capable of being attached in the 
chassis parallel to the opened front surface; the hard 
disk drive module is connected to a front side of the cir- 
20 cuit board from the opened front surface of the chassis, 
the one side of the hard disk drive module being aligned 
with the one side of the opened front surface of the chas- 
sis; the battery module is connected to the front side of 
the circuit board from the opened front surface of the 
25 chassis in a position adjacent the hard disk drive mod- 
ule; and the controller module, the power supply mod- 
ule, and the fan module are connected to a rear side of 
the circuit board from the opened rear surface of the 
chassis. 

30 [0015] According to such a configuration, the hard 
disk drive module and the battery module can be insert- 
ed/removed into/from the front of the disk array device 
for module insertion/removal purposes. Therefore, 
maintenance and inspection of the disk array device can 
35 be made with ease. Further, by arranging the power sup- 
ply module, the controller module, and the fan module 
at the rear of the disk array device, it becomes possible 
to prevent changes to the device, such as cabling 
changes and setting changes, from being made easily. 
40 These features increase the disk array device's service- 
ability, maintainability, and security. 
[0016] In another aspect of the disk array device ac- 
cording to the present embodiment, it is possible that: 
the circuit board has a front circuit board to which at least 
<5 the hard disk drive module and the battery module are 
connected to the front side thereof, and to which the 
power supply module and the fan module are connected 
to the rear side thereof, and a rear circuit board to which 
the controller module is connected; and the front circuit 
50 board and the rear circuit board are positioned adjacent 
and parallel to each other and connected together with 
an electrical connector. 

[0017] According to such a configuration, the circuit 
board size can be reduced. As a result, the circuit board 
55 can be mounted within a chassis for a small-size disk 
array device. 

[0018] In another aspect of the disk array device ac- 
cording to the present embodiment, it is possible that: 
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the controller module has a management portion for 
managing additional installation of a disk array device. 
[0019] Conventionally, additional disk array device in- 
stallation was managed by an independent module 
called an "enclosure". However, according to the con- 
figuration mentioned above, it is possible to decrease 
the number of modules and reduce the disk array device 
size. The management portion for managing additional 
installation of a disk array device is used to provide in- 
tegrated access contro! for each of the hard disk drive 
modules mounted in a plurality of disk array devices, in 
case a disk array device is additionally installed. As de- 
scribed later, the management portion for managing ad- 
ditional installation may be realized by, for example, a 
memory or the like in the controller module that stores 
an appropriate program, and a CPU in the controller 
module that can execute the program. 
[0020] In another aspect of the disk array device ac- 
cording to the present embodiment, it is possible that: 
the controller module is substantially flat; a plurality of 
the controller modules are capable of being be arranged 
on the circuit board adjacent to each other in a direction 
of the height of the chassis to maximize the area in which 
the controller modules oppose each other; and the con- 
nectors for connecting each of the controller modules to 
the circuit board are arranged on the circuit board in the 
direction of the height of the chassis. 
[0021] According to such a configuration, the length 
of the wiring on the circuit board for connecting the con- 
troller modules can be minimized. This decreases the 
wiring space, thereby reducing the size of the circuit 
board. Further, since crosstalk between wires can be 
avoided, it becomes possible for the controller modules 
to share a cache, thereby enhancing the disk access 
performance. 

[0022] In another aspect of the disk array device ac- 
cording to the present embodiment, it is possible that: 
the chassis has at least one hole and/or at least one 
protrusion; and the circuit board has at least one protru- 
sion that fits into the hole of the chassis and/or at least 
one hole into which the protrusion of the chassis fits. 
[0023] According to such a configuration, the circuit 
board can be directly attached to the chassis with high 
accuracy. This also makes it possible to reduce the 
number of parts for mounting the circuit board on the 
chassis, thereby reducing the size of the chassis. 
[0024] In another aspect of the disk array device ac- 
cording to the present embodiment, it is possible that: 
at least two of the fan modules are provided; and at least 
one of the fan modules is arranged near each side sur- 
face of the chassis. 

[0025] According to such a configuration, the interior 
of the chassis can be cooled without having to furnish 
the power supply module with a fan. This results in 
downsizing of the disk array device. 
[0026] Further, it is possible that: cooling air flow pro- 
vided by the fan modules is introduced from the front of 
the chassis to cool at least the hard disk drive module 



and the battery module, cools, in the rear of the circuit 
board, the power supply module and the controller mod- 
ule, is taken in by the fan modules provided near both 
of the side surfaces of the chassis, and is discharged 

s out of the rear of the chassis. 

[0027] According to such a configuration, heated air 
in the chassis is discharged from the fan module on each 
side of the chassis. Therefore, the interior of the chassis 
can be efficiently cooled. 

10 [0028] Further, it is possible that: each of the fan mod- 
ules has a plurality of cooling fans; and air outlets of 
each of the cooling fans are oriented in directions differ- 
ent from each other to avoid interference between cool- 
ing air flow. 

is [0029] According to such a configuration, the cooling 
fans can discharge air with high efficiency. As a result, 
warmed air within the chassis can be efficiently dis- 
charged. 

[0030] In another aspect of the disk array device ac- 

20 cording to the present embodiment, it is possible that: 
the fan module is arranged near at least one side sur- 
face of the chassis; a partitioning plate is provided sub- 
stantially in the middle of both side surfaces of the chas- 
sis; a set of the power supply modules is provided, and 

25 at least one of the power supply modules is arranged 
on each side of the partitioning plate; the controller mod- 
ule is arranged across the partitioning plate; and the par- 
titioning plate is provided with a vent hole. 
[0031] When the partitioning plate having such a con- 

30 figuration is used, it becomes possible to circulate cool- 
ing air within the chassis with only one fan module. 
Therefore, even if one of the fan modules becomes 
faulty, the whole chassis can be continuously cooled. As 
a result, the availability of the disk array device can be 

35 enhanced. 

[0032] In another aspect of the disk array device ac- 
cording to the present embodiment, it is possible that: 
the controller module is substantially flat; and the circuit 
board has a plurality of holes extending in a direction 

40 parallel to the controller module. 

[0033] According to such a configuration, the cooling 
air flow within the chassis is rectified when it passes 
through the circuit board. As a result, the cooling air flow 
within the chassis is properly adjusted to efficiently cool 

45 the interior of the chassis. 

[0034] In another aspect of the disk array device ac- 
cording to the present embodiment, it is possible that 
the length of the one side of the opened front surface of 
the chassis is between 128 mm and 129 mm when the 

so diameter of the disk is 3.5 inches. 

[0035] According to such a configuration, the height 
of the disk array device can be set to no more than 3U 
(approximately 133.35 mm), which is defined by the El A 
Standard EIA-310-D. 

55 [0036] In another aspect of the disk array device ac- 
cording to the present embodiment, it is possible that: 
the operation module includes an alarm buzzer stop 
switch, and a power switch for the disk array device, the 
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power switch having an ON-side for turning the disk ar- 
ray device ON and an OFF-side forturning the disk array 
device OFF; and the alarm buzzer stop switch is ar- 
ranged on the side of the ON-side of the powar switch. 
[0037] According to such a configuration, it becomes 
possible to prevent the disk array device from being 
turned OFF even if the power switch is inadvertently 
touched when the alarm buzzer stop switch is pressed 
to stop an alarm buzzer that sounds in the event of an 
error. 

[0038] Further, it is possible that: a setting switch is 
provided inside the operation module; and the setting 
switch is capable of being manipulated for setup from a 
space in front of a hard disk drive module adjacent the 
operation module. 

[0039] This minimizes the volume occupied by the op- 
eration module for disk array device setup. 
[0040] FIG. 1 is an external perspective view of the 
disk array device taken from the front right-hand side. 
[0041] A front decorative door 300 is mounted on a 
chassis 100 in such a manner that the front decorative 
door 300 is removable. Further, louvers 301 are mount- 
ed on the front decorative door 300 in such a manner 
that three louvers 301 form a unit and the louvers 301 
are removable on a unit-by-unit basis. The louvers 300 
are available in various colors according to design and 
can be replaced as needed. The front decorative door 
300 also provides adequate ventilation. As described 
later, modules of fans 800 (hereinafter referred to as the 
fan modules) take in outside air into the chassis 100 via 
the front decorative door 300 in order to cool the interior 
of the chassis 100 and discharges air out from the rear 
of the chassis 1 00. Vent holes 1 1 2 are used to discharge 
air out of the chassis 1 00 and provided on both sides of 
the chassis 100. 

[0042] There is an opening at the front of the chassis 
100. A lug 101 is provided on the right- and left-hand 
sides of the opening. From the left-hand side, hard disk 
drive modules 200 (referred to herein as HDD modules 
200 in the present embodiment) are sequentially posi- 
tioned in the front opening of the chassis 1 00 in such a 
mannerthat the HDD modules 200 are removable. Each 
HDD module 200 can be removed with its handle 201 . 
FIG. 2 is a projection of a HDD module. A plurality of 
vent holes 203 are provided in the front surface of a HDD 
module. An electrical connector 202 is mounted on the 
rear of a HDD module. Each HDD module 200 has in- 
side a 3.5-inch (approximately 88.9 mm) disk as a re- 
cording medium and has a height of approximately 
115.8 mm. Each HDD module is positioned within the 
chassis 100 in such a mannerthat the direction of the 
disk diameter is in the height direction of the HDD mod- 
ule. The front opening in the chassis 1 00 is large enough 
to house fourteen HDD modules 200 from the left-hand 
side. 

[0043] Further, as shown in Fig. 1 , the rightmost part 
of the front opening in the chassis 100 is used to house 
a module 500 of a battery (hereinafter referred to as the 



battery module 500) and a module 400 of an operation 
panel (hereinafter referred to as the operation module 
400). The battery module 500 supplies power as needed 
to write cached data onto a hard disk drive and to auto- 

5 matically initiate and complete a planned shutdown in 
the event of a power failure for avoiding the loss of 
cached customer data. Since the power stored in the 
battery module 500 gradually decreases with time, the 
battery module 500 needs to be exchanged periodically. 

10 For this reason, the battery module 500 is mounted at 
the front of the chassis 1 00 so as to facilitate its replace- 
ment, 

[0044] The disk array device can be mounted in a 
1 9-inch rack-type housing compliant with the El A Stand- 
's ard EIA-31 0-D. When considering both the height of the 
HDD modules 200 having a 3.5-inch diameter disk (the 
height of the HDD module is approximately 115.8 mm) 
and the 3U height limit for the disk array device defined 
by the EIA Standard EIA-31 0-D, the height of the disk 
array device should be between 115.8 mm and 133.3 
mm. Further, when the positional relationship between 
the HDD modules 200 and disk array device is consid- 
ered to keep the HDD modules out of contact with the 
disk array device, it is preferable that the approximate 
height of the disk array device be between 128 mm and 
129 mm. 

[0045] The operation module 400 will now be de- 
scribed with reference to FIG. 3. In order to realize disk 
array device downsizing, the operation module 400 is 
designed so as to minimize the volume that it occupies. 
The front of the operation module 400 carries only a 
power switch 401 and an alarm buzzer stop switch 404. 
A setting switch 405 is mounted inside the module to- 
gether with an alarm buzzer 406. The power switch 401 
functions as a power switch for the disk array device. 
When an error occurs in the disk array device, the alarm 
buzzer 406 sounds to alert the maintenance personnel 
to the encountered error. The alarm buzzer stop switch 
404 is used to shut off the alarm buzzer 406. Pressing 
the alarm buzzer stop switch 404 silences the alarm 
buzzer. The setting switch 405 is used to set up the disk 
array device. For example, the setting switch 405 is 
used to toggle between remote control and local control 
modes. If, for instance, an external UPS (Uninterruptible 
Power Supply) is installed, the setting switch 405 is used 
to change the interlock control mode for the UPS. 
[0046] Since the volume occupied by the operation 
module 400 is minimized, the power switch 401 and 
alarm buzzer stop switch 404 mounted on the front of 
the operation module 400 are positioned close to each 
other. Therefore, when the alarm buzzer stop switch 404 
is pressed to silence the alarm buzzer in an emergency 
such as when an error alarm is given, there is a possi- 
bility that the power switch 401 may be inadvertently 
touched. As such being the case, the power switch 401 
is arranged so that, when the side 402 of the power 
switch 401 closer to the alarm buzzer stop switch 404 
is pressed, the disk array device is turned ON and that, 
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when the side 403 of the power switch 401 far from the 
alarm buzzer stop switch 404 is pressed, the disk array 
device is turned OFF. Such a configuration prevents the 
disk array device from being shut down unexpectedly 
due to an operating error. It should be noted that, even 
if the alarm buzzer stop switch 404 is inadvertently 
pressed when pressing the power-ON side 402 of the 
power switch 401, no particular problem arises. 
[0047] The setting switch 405 is provided inside the 
operation module 400. The reason to this is that remote/ 
local control mode switching and other disk array device 
setup operations are less frequently performed than the 
use of the power switch 401 and alarm buzzer stop 
switch 404. However, low user-friendliness results if, for 
instance, the disk array chassis has to be disassembled 
for the purpose of adjusting the internal setting switch 
405. Therefore, an opening 407 is provided in a lateral 
part of the operation module 400 so that the setting 
switch 405 can easily be adjusted without having to dis- 
assemble the disk array device chassis. The setting 
switch 405 can be accessed for adjustment purposes 
by inserting a tool into the opening 407 in the direction 
of the arrow 408 while making use of a space 204 that 
is provided near the HDD module detachment handle 
201 of a HDD module 200 next to the operation module 
400. As a result, operational ease can be provided while 
minimizing the volume occupied by the operation mod- 
ule. 

[0048] It should be understood that the configurations 
described above are presented by way of example only. 
For instance, the height of the disk array device is not 
limited to 3U. Further, a total of fifteen HDD modules 
200 can be mounted by installing one additional HDD 
module 200 in the chassis's front rightmost position in 
which the battery module 500 and operation module 400 
are mounted. This alternative configuration can be 
achieved because the combination of the battery mod- 
ule 500 and operation module 400 is configured to be 
equal to the HDD modules 200 in width and height. If 
this alternative configuration is used, the battery module 
500 and operation module 400 will be installed in anoth- 
er position of the chassis 100. For an additionally in- 
stalled disk array device, which does not require its own 
battery module 500 and operation module 400, fifteen 
HDD modules 200 are arrayed at the front of the chas- 
sis. By configuring the combination of the battery mod- 
ule 500 and operation module 400 to be equal to the 
HDD modules 200 in width and height as described 
above, the same basic structure can be applied to both 
an initial disk array device chassis and additional disk 
array device chassis. This results in reducing the design 
cost and manufacturing cost. 

[0049] FIG. 4 is. an external perspective view of a disk 
array device according to the present embodiment tak- 
en from the rear left-hand side. 

[0050] The rear surface of the chassis 100 is open. 
Fan modules 800 are mounted on both the right- and 
left-hand sides of the chassis 1 00 in such a manner that 



the fan modules 800 are removable. Two modules 600 
of power supply (hereinafter referred to as the power 
supply modules 600) are provided between the right- 
and left-hand fan modules 800. Two modules 700, 702 

5 of controllers (hereinafter referred to as the controller 
modules 700, 702) are vertically arranged below the 
power supply modules 600. The power supply modules 
600 and controller modules 700 and 702 can all be re- 
moved separately It should be noted that the disk array 

10 device is operable even when it is provided with only 
one unit each of the fan module 800, power supply mod- 
ule 600, and controller module 700 (702) instead of two 
units each. 

[0051] The fan modules 800 are provided to cool the 

15 interior of the chassis 1 00. Although the fan modules 
800 are described in detail later, they have three internal 
fans 802, 803, 804, which take in warmed air within the 
chassis 100 and discharge it outside to cool the interior 
of the chassis 100. Air is discharged through air outlet 

20 slits 801 provided in the rear of each of the right- and 
left-hand fan modules 800 and through vent holes 112 
provided in both sides of the chassis 100. 
[0052] The power supply modules 600 supply electri- 
cal power to the entire disk array device. An AC input 

25 connector section 606 is mounted on the rear of each 
power supply module 600 to input AC power. The input 
AC power is converted to DC power by an AC/DC con- 
verter circuit on a power supply circuit board in each 
module and then supplied to the entire disk array device. 

30 a detachment handle 601 is mounted on the rear of each 
power supply module 600 for module insertion/removal. 
The power supply modules 600 are not provided with a 
fan. Although a fan is mounted on the rear of a conven- 
tional disk array device to cool the power supply module, 

35 the disk array device according to the present embodi- 
ment cools the power supply modules 600 using only 
the fan modules 800, which are mounted on both sides 
of the chassis 1 00. To enhance the efficiency of cooling 
provided by the fan modules 800, the rear surface of 

40 each power supply module 600 is covered to admit no 
outside air. 

[0053] As a result, warmed air inside the power supply 
modules 600 is efficiently taken in by the fan modules 
800. Further, warmed air expelled by the fan modules 

4 5 800 is blocked from returning to the interior of the chas- 
sis 100, thereby preventing circulation of warmed air. 
Furthermore, the front-to-rear dimension of each power 
supply module 600 is reduced because no fan is mount- 
ed on the rear of the module 600. 

50 [0054] Controller modules 700 and 702 provide con- 
trol of the disk array device, and incorporate a control 
circuit board, which carries a CPU (Central Processing 
Unit), memory, cache, and other components. Control- 
ler modules 700 and 702 are configured so as to share 

55 their caches. This results in an increase in the available 
cache capacity, thereby increasing the speed of data ac- 
cess from a host computer. 

[0055] in order to share caches, however, the speed 
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of data transfer between the controller modules 700 and 
702 needs to be in the order of a CPU clock speed. To 
achieve such a high data transfer speed, it is necessary 
to minimize the influence of wiring capacitance and in- 
ductance as well as the influence of mutual interference 
(crosstalk) between adjacent wires. To accomplish this, 
it is necessary to minimize the wiring length. Although 
details will be given later, the disk array device according 
to the present embodiment minimizes the wiring length 
by positioning the two controller modules 700, 702 ad- 
jacent to each other in the direction of the height of the 
chassis 100 to maximizing the opposing areas of the 
controller modules. 

[0056] In conventional devices, an enclosure is pro- 
vided independently of a controller module; however, in 
the disk array device according to the present embodi- 
ment, an enclosure is incorporated as an integral com- 
ponent. The enclosure is a device that has means for 
managing additional installation of a disk array device. 
More specifically, the enclosure has a management 
function that provides integrated access control for each 
of the HDD modules 200 mounted in a plurality of disk 
array devices, in case a disk array device is additionally 
installed. It is possible to reduce the disk array device 
size by furnishing the controller modules 700 and 702 
with an enclosure function and decreasing the number 
of modules. 

[0057] The rear of controller modules 700 and 702 is 
provided with an interface for communicating with an ex- 
ternal device. As is the case with the power supply mod- 
ules 600, the rear of controller modules 700 and 702 is 
not provided with vent holes. Therefore, the cooling air 
provided by the fan modules 800 smoothly flows within 
controller modules 700 and 702 and is then discharged. 
No warmed air flows inward from the outside. 
[0058] The internal parts arrangement of the disk ar- 
ray device will now be described with reference to FIGS. 
5 to 10. 

[0059] FIG. 5 is a schematic cross-sectional top view, 
which illustrates cross-section taken along line V-V of 
the disk array device shown in FIG . 4. The H DD modules 
200 and battery module 500 are mounted in the front 
opening in the chassis 100. The fan modules 800 and 
power supply modules 600 are mounted in the rear 
opening of the chassis 100. The modules in the front 
opening and the modules in the rear opening are all con- 
nected to a circuit board 900. 

[0060] The HDD modules 200 are slidably mounted 
in the front of the chassis 100 so that they can be ex- 
changed easily. Each HDD module 200 is equipped with 
a detachment handle 201 so that the module 200 can 
easily be removed from and reinserted into the chassis 
1 00. The rear of each HDD module 200 is equipped with 
a connector 202, which is connected to a HDD module 
connector 902 provided on the circuit board 900. By con- 
necting these connectors 202 and 902, data is read/ 
write from/to a HDD module 200. In order to ensure the 
strength of the chassis 100, the compartment for the 



HDD modules 200 is provided with two partitioning 
plates 102, 103. 

[0061] As is the case with the HDD modules 200, the 
battery module 500 is slidably mounted in the front of 

5 the chassis so that it can be exchanged easily. The bat- 
tery module 500 is not equipped with a detachment han- 
dle because it is less frequently removed and reinserted 
than the HDD modules 200; however, it is needles to 
say that the battery module 500 can be equipped with 

10 such a detachment handle. The battery module 500 is 
equipped with a connector 501 , which is connected to 
a battery module connector 904 provided on the circuit 
board 900. By connecting these connectors 501 and 
904, the electrical power stored in the battery module 

is 500 can be supplied to the disk array device in the event 
of a power failure. 

[0062] The power supply modules 600 are mounted 
in such a manner that they can be removed and rein- 
serted from the rear of the chassis 1 00. Two power sup- 

20 ply modules 600 can be mounted adjacent to each other. 
Since the power supply modules 600 are relatively 
heavy, each of them is equipped with a handle 601 for 
ease of removal/insertion. Each power supply module 
600 is equipped with a connector 602, which is connect- 

25 ed to a power supply module connector 903 provided 
on the circuit board 900. By connecting these connec- 
tors 602 and 903, electrical power is supplied to the 
modules in the disk array device. 
[0063] The fan modules 800 are mounted on both 

30 sides of the chassis 1 00 in such a manner that they can 
be removed and reinserted. Each fan module 800 is 
equipped with a connector 805, which is connected to 
a fan module connector 901 on the circuit board 900. By 
connecting these connectors 805 and 901 , a fan control 

35 signal and electrical power are received. Each fan mod- 
ule 800 incorporates three fans 802, 803, 804. These 
fans take in air from intake surfaces 809, 807, and 808, 
which face the power supply module, and discharge air 
from air outlets 806, 807, and 808, which face the rear 

40 of the chassis 1 00. If the flows of air discharged by the 
fans 802, 803, B04 interfere with each other, the air-dis- 
charge efficiency lowers due to air flow disturbance. To 
avoid such a problem, the fans 802, 803, 804 are ar- 
ranged in such a manner so that the air outlets 806 , 807, 

45 808 face towards different directions. 

[0064] Partitioning plates 1 04, 1 06 are positioned be- 
tween the fan modules 800 and power supply modules 
600. Another partitioning plate 1 05 is also positioned be- 
tween the two power supply modules 600. As described 

50 later, these partitioning plates have vent holes so that 
the cooling air provided by the fan modules 800 efficient- 
ly flows within the chassis 1 00. 

[0065] FIG. 6 is a schematic cross-sectional top view, 
which illustrates cross-section taken along line VI-VI of 
55 the disk array device shown in FIG . 4. The HDD modules 
200 and battery module 500 are mounted in the front 
opening in the chassis 100. The fan modules 800 and 
controller module 700 are mounted in the rear opening 
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of the chassis 100. 

[0066] Behind the aforementioned circuit board 900, 
another circuit board 905 is provided for connecting to 
the controller module 700. The circuit board 900 in the 
front of the chassis and the circuit board 905 connected 
to controller module 700 are hereinafter referred to as 
the front circuit board 900 and rear circuit board 905, 
respectively. The rear circuit board 905 is equipped with 
connectors 906, each of which being connected to con- 
nectors 701 provided on the controller module 700. The 
front circuit board 900 and rear circuit board 905 are in- 
terconnected via connectors 908 and 909. Although de- 
tails are given later, the height of the chassis is reduced 
thanks to the use of the two circuit boards. The clear- 
ance between the front circuit board 900 and rear circuit 
board 905 is set to an optimum value. An excessive 
clearance would increase the front-to-rear dimension of 
the chassis 100; if, on the contrary, the clearance is too 
small, the pins of the HDD module connectors 902, 
which penetrate through the front circuit board 900, may 
come into contact with the pins of the controller module 
connectors 906, which penetrate through the rear circuit 
board 905. Therefore, the clearance between the front 
circuit board 900 and rear circuit board 905 set to an 
optimum value, while keeping the sizes of connectors 
908 and 909 in mind. 

[0067] The controller module 700 is mounted in such 
a manner that it can be removed from and reinserted 
into the rear of the chassis 100. The controller module 
700 incorporates a control circuit board, which carries a 
CPU, memory, cache, and other components, and has 
an enclosure function (that is, has a management por- 
tion for managing additional installation) for managing 
additional disk array device installations. The manage- 
ment portion for managing additional installation may be 
realized by, for example, a memory or the like in the con- 
troller module 700 that stores an appropriate program, 
and a CPU in the controller module 700 that can execute 
the program. The controller module 700 is connected to 
the various modules in the disk array device via the rear 
circuit board 905, and controls and manages the various 
modules. 

[0068] Partitioning plates 1 04, 1 06 with vent holes are 
provided between the controller module 700 and the fan 
modules 800. These partitioning plates are the same as 
the partitioning plates provided between the power sup- 
ply modules 600 and the fan modules 800. 
[0069] FIG. 7 is a schematic cross-sectional right-side 
view, which illustrates cross-section taken along line 
VII-VM of the disk array deviceshown in FIG. 4. The HDD 
modules 200 are mounted in the front opening in the 
chassis and connected to the front circuit board 900. 
The rear opening in the chassis houses the power sup- 
ply modules 600, which are mounted in the upper sec- 
tion, and the controller modules 700 and 702, which are 
mounted in the lower section. The power supply mod- 
ules 600 are connected to the front circuit board 900. 
The controller modules 700 and 702 are connected to 



the rear circuit board 905. 

[0070] A partitioning plate 107 is provided between 
the power supply modules 600 and the controller mod- 
ule 700. The partitioning plate 1 07 is joined with parti- 

5 tioning plates 104, 105, and 106 to support the power 
supply modules 600 from below. A partitioning plate 1 08 
is provided between the controller, modules 700 and 
702. The partitioning plate 1 08 is joined with partitioning 
plates 104 and 106 to support the controller module 700 

10 from below. No vent holes are provided in the partition- 
ing plates 107 and 108. This prevents the cooling air 
flow within the chassis from fluctuating in the vertical di- 
rection and restricts disturbance of the cooling air. 
[0071] The front circuit board 900 is provided with a 

15 rectification plate 91 0, which is installed above the rear 
circuit board 905. The rectification plate 91 0 not only re- 
inforces the front circuit board 900 but also rectifies the 
cooling airflow within the chassis 100. The circuit board 
structure will now be described with reference to FIG. 8. 

20 [0072] The front circuit board 900 and the rear circuit 
board 905 are interconnected with connectors 908 and 
909. Information exchange between the front circuit 
board 900 and the rear circuit board 905 takes place via 
the connectors 908 and 909. The connectors 908 and 

25 909 are positioned between the front circuit board 900 
and rear circuit board 905. From the illustrated viewing 
angle, the pins of connector 909 penetrating through the 
rear circuit board 905 are visible. 
[0073] The front and rear circuit boards 900 and 905 

30 are secured to a circuit board retention frame to con- 
struct a circuit board assembly 912. The rear circuit 
board 905 has connectors 906 and 907, which connect 
to the two controller modules 700, 702. The connectors 
906 are for connecting to the controller module 700, 

35 whereas the connectors 907 are for connecting to the 
controller module 702. As described above, since the 
controller modules 700 and 702 share their cache data, 
they need to transfer the data at a high speed between 
them. According to the configuration of the controller 

40 modules of the present embodiment, the connectors 
906 and 907 are provided on the rear circuit board 905 
in such a manner that the corresponding pins of the con- 
nectors 906 and 907, which are located next to each 
other in the vertical direction, are arranged in the same 

45 position in each connector. Therefore, the length of the 
wiring on the rear circuit board 905 for pin connection 
can be minimized. This feature provides high-speed da- 
ta transfer between the controller modules 700 and 702, 
thereby letting them share their cached data. 

50 [0074] Further, by dividing the circuit board into the 
front circuit board 900 and rear circuit board 905 and 
providing the connectors 906 and 907 on the rear circuit 
board 905, it is possible to reduce the height of the circuit 
board assembly 91 2. The reason is that, if an attempt is 

55 made to mount connectors 906 and 907 on the rear of 
the front circuit board 900, they need to be. mounted on 
the upper or lower part of the circuit board in order to 
avoid interference with the pins of the HDD module con- 
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nectors 902 mounted on the front side. 
[0075] Connectors 903 for connecting to the two pow- 
er supply modules 600 and connectors 901 for connect- 
ing to the two fan modules 800 are mounted on the front 
circuit board 900. These connectors are positioned so 
that they do not interfere with the pins of the HDD mod- 
ule connectors 902. The same fan modules 800 are 
used for the module 800 mounted on the right-hand side 
of the chassis and for the module 800 mounted on the 
left-hand side. Therefore, the right- and left-hand side 
connectors 901, which are both mounted on the front 
circuit board 900 to connect to the fan modules 800, are 
placed at opposite positions in the vertical direction. 
[0076] The front circuit board 900 also carries a rec- 
tification plate 910, which rectifies the cooling air flow 
within the chassis 1 00. The rectification plate 910 has a 
plurality of slits 911, the longitudinal direction of which 
being arranged in a direction parallel to controller mod- 
ules 700 and 702. Since the air flow that passes by the 
HDD modules 200, which are mounted at the front of 
the chassis 1 00, comes through gaps between adjacent 
ones of the HDD modules 200, the flow is like a verti- 
cally-spread wind. This air flow passes through holes 
913 in the front circuit board 900 and flows toward the 
rear of the chassis 1 00. The size of the holes 91 3 in the 
circuit board 900 is made as large as possible. However, 
due to the limitations imposed by the wiring patterns pro- 
vided on the circuit board, the holes 91 3 are not shaped 
to optimally restrict disturbance in the vertically spread 
air flow coming out of gaps between the HDD modules 
200. Therefore, the airflow becomes disturbed when it 
passes through holes 913 in the circuit board. Further, 
the power supply modules 600 and the controller mod- 
ules 700 and 702, which are mounted in the rear of the 
chassis 100, have internal electronic circuit boards. 
These electronic circuit boards are arranged so that 
their surfaces are oriented in a lateral direction within 
the chassis 100. In order to make the air flow smoothly 
in the rear part of the chassis 1 00, it is necessary to rec- 
tify the air flow so that it spreads in the lateral direction. 
The rectification plate 91 0 is mounted on the front circuit 
board 900 for such airflow smoothing. The rectification 
plate 91 0 has a plurality of slits 91 1 , the longitudinal di- 
rection of which being arranged in a direction parallel to 
controller modules 700 and 702. The airflow is rectified 
and spreads in the lateral direction after passing through 
the slits 911 in the rectification plate 910. As a result, the 
disturbance in the air flow that flows by the controller 
modules 700 and 702 and the power supply modules 
600 is restricted to efficiently cool the interior of the chas- 
sis 100. 

[0077] Further, the use of the rectification plate 910 
increases the strength of the circuit board 900. Inserting 
the connector 202 of a HDD module 200 applies great 
force to the front circuit board 900. Therefore, if the front 
circuit board 900 is not strong enough, it may gradually 
deform when the connector is inserted many times over 
the years. Since the rectification plate 910 is added to 



increase the circuit board strength, the number of other 
reinforcement members can be reduced. As a result, it 
became possible to reduce the circuit board size. 
[0078] The way of mounting the circuit board into the 
5 chassis will now be described with reference to FIG. 9, 
which is an external perspective view taken from the 
rear left-hand side of the circuit board. 
[0079] It is important to position the circuit board in 
the chassis at high precision. If the positioning accuracy 
for such mounting is inadequate, the HDD modules 200 
cannot be connected because the connectors 202 of the 
HDD modules 200 will be misaligned with the connec- 
tors 902 on the connector circuit board. For an array of 
up to fourteen HDD modules 200 and the battery module 
500, all their connectors need to be in precise alignment. 
[0080] As described above, the HDD module connec- 
tors need to be precisely aligned with the mating con- 
nectors on the circuit board. That is why the circuit board 
could not be mounted directly in the chassis convention- 
ally. In conventional devices, a dedicated front chassis 
was employed to house HDD modules. After arrange- 
ment of the connectors in the front chassis with high ac- 
curacy, the front chassis was fastened to a chassis main 
body. Due to the use of a dual chassis structure, in which 
the chassis main body incorporates another chassis 
(front chassis) for housing HDD modules, the disk array 
device could not be downsized. 
[0081] The disk array device according to the present 
embodiment employs the following configuration for 
mounting the circuit board in the chassis main body with 
high accuracy. Nuts (protrusions) 914 are fastened to 
the four comers of the front of the circuit board for use 
in mounting the circuit board in the chassis 100. Back- 
board retention plates 1 09 are fastened to the upper and 
lower sides of the chassis 1 00 in order to assemble the 
circuit board assembly 912. The circuit board retention 
plates 1 09 have holes 1 1 0 that have substantially the 
same diameter as the nuts 914 and that are positioned 
corresponding to the nuts 914, which are fastened to the 
four corners of the front of the circuit board. When the 
circuit board assembly 912 is to be mounted into the 
chassis 1 00, the nuts 91 4 , wh ich are fastened to the four 
corners of the front of the circuit board, are fitted into the 
circuit board mounting holes 110 and then bolted down 
45 from the front of the chassis 1 00. Consequently, the cir- 
cuit board assembly 912 can be easily mounted in the 
chassis 100 with high accuracy and without having to 
provide a dedicated front chassis for housing the HDD 
modules. As a result, it became possible to realize 
50 downsizing of the disk array device. 

[0082] In addition, the front circuit board 900 is pro- 
vided with a plurality of holes 913 for venting cooling air. 
The vent holes 913 in the circuit board 900 are made to 
be as large as possible. 
55 [0083] FIG. 10 is a schematic cross-sectional right- 
side view, which illustrates cross-section taken along 
line X-X of the disk array device shown in FIG. 4. The 
battery module 500 and the operation module 400 are 
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mounted in the front opening in the chassis 1 00 and con- 
nected to the front circuit board 900. The fan modules 
800 are mounted in the rear opening in the chassis 100 
and connected to the front circuit board 900. The front 
circuit board 900 is provided with the rectification plate 
910. 

[0084] Each fan module 800 contains three fans 802, 
803, 804. The air outlets 806, 807, 808 of the fans are 
oriented toward the chassis in such a manner that their 
discharged air flows do not interfere with each other. 
[0085] The cooling air flow within the chassis 1 00 will 
now be described with reference to FIG. 11 . 
[0086] When the fans 802, 803, 804 in the fan mod- 
ules 800 operate, the outside air is taken in from the 
front of the chassis and is caused to flow in the section 
of the HDD modules 200. The cooling air flow 1000 in 
the section of the HDD modules 200 flows through the 
gaps between adjacent ones of the HDD modules 200. 
Therefore, the cooling air spreads in a vertical direction 
and flows toward the rear of the chassis. This cooling 
air flow 1000 is rectified by the rectification plate 910 
provided on the circuit board. The rectified cooling air 
flow 1001, which now spreads in a horizontal direction, 
is taken into the power supply modules 600 and the con- 
troller modules 700 and 702. FIG. 13 is a projection of 
a power supply module 600. As shown in FIG. 13, elon- 
gated holes 603 that extend in the lateral direction are 
provided in the front of the case of the power supply 
modules 600. These holes 603 are made so that their 
positions and shapes agree with those of the holes in 
the rectification plate 910. Therefore, the airflow 1001, 
which is rectified by the rectification plate 910, smoothly 
enters the power supply modules 600. As in Fig. 11 , the 
air flow 1 002, which is introduced into the power supply 
modules 600 and controller modules 700 and 702, pass- 
es through the partitioning plates 1 04, 1 06, and is taken 
into the right- and left-hand fan modules 800. The air 
flow 1 003, which is introduced into the fan modules 800, 
is discharged out of the air outlets 801 in the rear of the 
fan modules 800 and out of the vent holes 112 in both 
sides of the chassis 100 (1004). The positions and 
shapes of the laterally elongated holes in the partitioning 
plates 104, 1 06 agree with those of the holes 604, 605 
in both sides of the power supply modules 600. There- 
fore, the cooling air flow can smoothly flow past the par- 
titioning plates 104, 106. Further, no vent holes are pro- 
vided in the rear of the power supply modules 600 or 
controller modules 700 and 702. This prevents the air 
flow 1 004, which has been discharge from the fan mod- 
ules 800, from going back into the chassis 100. 
[0087] The process of cooling the whole interior of the 
chassis 1 00 when one fan module 800 is faulty will now 
be described with reference to FIG. 12. The following 
description applies not only to a case where one fan 
module 800 is faulty, but also to a case where only one 
fan module 800 is installed. An example is given where 
only the left-hand fan module is used to cool the interior 
of the chassis 100. 



[0088] The air flow coming from the section of the 
HDD modules 200 passes through the rectification plate 
910 and moves towards the power supply modules 600 
and the controller modules 700 and 702. The air flow 
s 1 002 introduced into the left-hand power supply module 
600 is taken into the left-hand fan module 800. Further, 
the airflow 1005 introduced into the right-hand power 
supply module 600 is also taken into the left-hand fan 
module 800. The reason is that the partitioning plate 1 05 
10 provided between the right- and left-hand power supply 
modules 600 is provided with laterally elongated holes, 
whose positions and shapes are identical with those of 
the holes 604, 605 in the lateral surfaces of the power 
supply modules 600. Further, since no vent holes are 
'5 provided in the rear of the power supply modules 600, 
the suction force provided by the left-hand fan module 
800 affects not only the air in the left-hand power supply 
module 600 but also the air in the right-hand power sup- 
ply module 600. In this manner, the air in the right- and 
left-hand power supply modules 600 and the controller 
modules 700 and 702 is entirely taken into the left-hand 
fan module 800 and discharged outside. As a result, the 
interior of the chassis 1 00 can be cooled even when a 
fan module 800, which plays an important role of cooling 
the interior of the chassis 100, becomes faulty. There- 
fore, the operation of the disk array device can be con- 
tinued. It should be noted that a failure in a fan module 
800 is detected by controller module 700 or 702, and, 
for example, the alarm buzzer 406 in the operation mod- 
ule 400 is caused to sound. In this way, the failure is 
reported to the maintenance personnel. 
[0089] While the present invention has been de- 
scribed in terms of the present embodiment, it should 
be understood that the invention is not limited to the 
present embodiment, and that variations may be made 
without departure from the scope and spirit of the inven- 
tion. 

[0090] Advantages provided by the present embodi- 
ment will now be described. 

[0091] The circuit board is capable of being attached 
in the chassis parallel to the opened front surface; the 
hard disk drive module is connected to a front side of 
the circuit board from the opened front surface of the 
chassis, the one side of the hard disk drive module being 
aligned with the one side of the opened front surface of 
the chassis; the battery module is connected to the front 
side of the circuit board from the opened front surface 
of the chassis in a position adjacent the hard disk drive 
module; and the controller module, the power supply 
module, and the fan module are connected to a rear side 
of the circuit board from the opened rear surface of the 
chassis. Thanks to such a configuration, the hard disk 
drive module and the battery module can be inserted/ 
removed into/from the front of the disk array device for 
module insertion/removal purposes. Therefore, mainte- 
nance and inspection of the disk array device can be 
made with ease. Further, by arranging the power supply 
module, the controller module, and the fan module at 
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the rear, it becomes possible to prevent setting changes, 
such as cabling changes, from being made easily. 
These features increase the disk array device's service- 
ability, maintainability, and security. 

[0092] The circuit board has a front circuit board to 5 
which at feast the hard disk drive modu le and the battery 
module are connected to the front side thereof, and to 
which the power supply module and the fan module are 
connected to the rear side thereof, and a rear circuit 
board to which the controller module is connected; and 10 
the front circuit board and the rear circuit board are po- 
sitioned adjacent and parallel to each other and con- 
nected together with an electrical connector. According- 
ly, since the circuit board size can be reduced, the circuit 
board can be mounted within a chassis for a small-size is 
disk array device. 

[0093] The controller module has a management por- 
tion for managing additional installation of a disk array . 
device. According to this configuration, it becomes pos- 
sible to decrease the number of modules and reduce 20 
the disk array device size. 

[0094] The controller module is substantially flat; a 
plurality of the controller modules are capable of being 
be arranged on the circuit board adjacent to each other 
in a direction of the height of the chassis to maximize 25 
the area in which the controller modules oppose each 
other; and the connectors for connecting each of the 
controller modules to the circuit board are arranged on 
the circuit board in the direction of the height of the chas- 
sis. Accordingly, the length of the wiring on the circuit 30 
board for connecting the controller modules can be min- 
imized. This decreases the wiring space, thereby reduc- 
ing the size of the circuit board. Further, since crosstalk 
between wires can be avoided, it becomes possible for 
the controller modules to share a cache. 35 
[0095] The chassis has at least one hole and/or at 
least one protrusion; and the circuit board has at least 
one protrusion that fits into the hole of the chassis and/ 
or at least one hole into which the protrusion of the chas- 
sis fits. Thanks to such a feature, since the circuit board *o 
can be directly attached to the chassis with high accu- 
racy, it possible to reduce the size of the chassis. 
[0096] Further, at least one of the fan modules is ar- 
ranged near each side surface of the chassis. By cooling 
the interior of the chassis with fans provided near both *s 
side surfaces of the chassis, since it is unnecessary to 
furnish the power supply module with a fan, downsizing 
of the disk array device can be realized. 
[0097] Each of the fan modules has a plurality of cool- 
ing fans; and air outlets of each of the cooling fans are so 
oriented in directions different from each other to avoid 
interference between cooling airflow. Thanks to such a 
feature, since it is possible to discharge airfrom the cool- 
ing fans with high efficiency, it is possible to prevent the 
cooling air flow in the chassis from being disturbed. 55 
[0098] The fan module is arranged near at least one 
side surface of the chassis; a partitioning plate is pro- 
vided substantially in the middle of both side surfaces 



of the chassis; a set of the power supply modules is pro- 
vided, and at least one of the power supply modules is 
arranged on each side of the partitioning plate; the con- 
troller module is arranged across the partitioning plate; 
and the partitioning plate is provided with a vent hole. 
By adopting such a partitioning plate, it becomes possi- 
ble to circulate cooling air within the chassis with only 
one fan module. Therefore, even if one of the fan mod- 
ules becomes faulty, the whole chassis can be continu- 
ously cooled. As a result, the availability of the disk array 
device can be enhanced, 

[0099] The controller module is substantially flat; and 
the circuit board has a plurality of holes extending in a 
direction parallel to the controller module. Thanks to 
such a configuration , the cooling air flow within the chas- 
sis can be rectified when it passes through the circuit 
board. As a result, the cooling airflow within the chassis 
is made to flow smoothly to efficiently cool the interior 
of the chassis. 

[0100] Further, the length of the one side of the 
opened front surface of the chassis is between 128 mm 
and 1 29 mm when the diameter of the disk is 3.5 inches. 
Thanks to such a configuration, the height of the disk 
array device can be set to no more than 3U (approxi- 
mately 133.35 mm), which is defined by the EIA Stand- 
ard EIA-310-D. 

[0101] Further, the operation module includes an 
alarm buzzer stop switch, and a power switch for the 
disk array device, the power switch having an ON -side 
for turning the disk array device ON and an OFF-side 
for turning the disk array device OFF; and the alarm 
buzzer stop switch is arranged on the side of the ON- 
side of the power switch. Thanks to such a configuration, 
it becomes possible to prevent the disk array device 
from being turned OFF even if the power switch is inad- 
vertently touched when the alarm buzzer stop switch is 
pressed to stop an alarm buzzerthat sounds in the event 
of an error. 

[0102] Further, a setting switch is provided inside the 
operation module; and the setting switch is capable of 
being manipulated for setup from a space in front of a 
hard disk drive module adjacent the operation module. 
Such a structure enables setting of the disk array device 
while keeping the volume occupied by the operation 
module as small as possible. 



Claims 

1 . A disk array device comprising: 

a circuit board having electrical connectors; 
a hard disk drive module connected to said cir- 
cuit board via at least one of said electrical con- 
nectors, including a disk for recording informa- 
tion thereon, and having one side that has a 
length substantially equal to the diameter of 
said disk; 
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a battery module connected to said circuit 
board via at least one of said electrical connec- 
tors; 

an operation module connected to said circuit 
board via at least one of said electrical connec- s 
tors; 

a fan module connected to said circuit board via 
at least one of said electrical connectors and 
having at least one cooling fan; 
a controller module connected to said circuit w 
board via at least one of said electrical connec- 
tors and having a controller; 
a power supply module connected to said cir- 
cuit board via at least one of said electrical con- 
nectors and provided for supplying power to 15 
said modules; and 

a substantially box-shaped chassis in which 
said modules and said circuit board are 
housed, a front surface and a rear surface of 
which being opened in a rectangular shape; 20 

wherein a length of one side of said opened 
front surface of said chassis is substantially the 
same length as said one side of said hard disk drive 
module. 25 

A disk array device according to claim 1 , wherein: 

said circuit board is capable of being attached 

in said chassis parallel to said opened front sur- 30 

face; 

said hard disk drive module is connected to a 
front side of said circuit board from said opened 
front surface of said chassis, said one side of 
said hard disk drive module being aligned with 35 
said one side of said opened front surface of 
said chassis; 

said battery module is connected to the front 
side of said circuit board from said opened front 
surface of said chassis in a position adjacent 40 
said hard disk drive module; and 
said controller module, said power supply mod- 
ule, and said fan module are connected to a 
rear side of said circuit board from said opened 
rear surface of said chassis. 45 

A disk array device according to claim 1 , wherein: 

said circuit board has 

a front circuit board to which at least said so 
hard disk drive module and said battery module 
are connected to the front side thereof, and to 
which said power supply module and said fan 
module are connected to the rear side thereof, 
and 55 

a rear circuit board to which said control- 
ler module is connected; and 
said front circuit board and said rear circuit 



board are positioned adjacent and parallel to 
each other and connected together with an 
electrical connector. 

4. A disk array device according to claim 1 , wherein 
said controller module has a management portion 
for managing additional installation of a disk array 
device. 

5. A disk array device according to claim 1 , wherein: 

said controller module is substantially flat; 
a plurality of said controller modules are capa- 
ble of being be arranged on said circuit board 
adjacent to each other in a direction of the 
height of said chassis to maximize the area in 
which said controller modules oppose each 
other; and 

the connectors for connecting each of said con- 
troller modules to said circuit board are ar- 
ranged on said circuit board in the direction of 
the height of said chassis. 

6. A disk array device according to claim 1 , wherein: 

said chassis has at least one hole and/or at 
least one protrusion; and 
said circuit board has at least one protrusion 
that fits into said hole of said chassis and/or at 
least one hole into which said protrusion of said 
chassis fits. 

7. A disk array device according to claim 1 , wherein: 

at least two of said fan modules are provided; 
and 

at least one of said fan modules is arranged 
near each side surface of said chassis. 

8. A disk array device according to claim 7, wherein: 

cooling air flow provided by said fan modules 

is introduced from the front of said chas- 
sis to cool at least said hard disk drive module 
and said battery module, 

cools, in the rear of said circuit board, said 
power supply module and said controller mod- 
ule, 

is taken in by said fan modules provided 
near both of the side surfaces of said chassis, 
and 

is discharged out of the rear of said chas- 
sis. 

9. A disk array device according to claim 7, wherein: 

each of said fan modules has a plurality of cool- 
ing fans; and 
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air outlets of each of said cooling fans are ori- 
ented in directions different from each other to 
avoid interference between cooling air flow. 

10. A disk array device according to claim 1 , wherein: 5 

said fan module is arranged near at least one 
side surface of said chassis; 
a partitioning plate is provided substantially in 
the middle of both side surfaces of said chassis; 10 
a set of said power supply modules is provided, 
and at least one of said power supply modules 
is arranged on each side of said partitioning 
plate; 

said controller module is arranged across said f 5 
partitioning plate; and 

said partitioning plate is provided with a vent 
hole. 

11. A disk array device according to claim 1 , wherein: 20 

said controller module is substantially flat; and 
said circuit board has a plurality of holes ex- 
tending in a direction parallel to said controller 
module. 25 

12. A disk array device according to claim 1 , wherein 
the length of said one side of said opened front sur- 
face of said chassis is between 1 28 mm and 1 29 
mm when the diameter of said disk is 3.5 inches. 30 

13. A disk array device according to claim 1 , wherein: 

said operation module includes 

an alarm buzzer stop switch, and 35 
a power switch for the disk array device, 
said power switch having an ON-side for turn- 
ing the disk array device ON and an OFF-side 
for turning the disk array device OFF; and 
said alarm buzzer stop switch is arranged on 40 
the side of the ON-side of said power switch. 

14. A disk array device according to claim 13, wherein: 

a setting switch is provided inside said opera- 45 
tion module; and 

said setting switch is capable of being manipu- 
lated for setup from a space in front of a hard 
disk drive module adjacent said operation mod- 
ule. 50 
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